Background: Octamer-binding transcription factor 4 (Oct4) is a transcription factor that has an important role in stem cell differentiation and self-renewal. Oct4 has also been implicated in tumorigenicity of different cancers. This study aimed to analyze Oct4 expression in gastric carcinoma (GC) and to evaluate the relation between Oct4 expression and clinicopathologic parameters, tumor proliferation, and angiogenesis in addition to patient survival.
Background
Gastric carcinoma (GC) is one of the main causes of mortality-related cancers all over the world. For patients with surgically resectable GC, surgery with adjuvant chemo-and radiotherapy is the main way for treatment. However, many cases are still suffering from tumor recurrence and distant metastasis [1] .
The theory of cancer stem cells (CSCs) focuses light on the cause and mechanism of recurrence after curative surgical resection and adjuvant therapy. CSCs, which have the ability for high self-renewal and proliferation, have been discovered also in so many solid cancers [2] . The relationship between various stem cell markers, clinicopathological characters of malignancies, and the prognostic value of these markers have been studied in GC. However, the results were still controversial [3] .
Octamer-binding transcription factor 4 (Oct4) is a transcription factor that has a well-characterized value in stem cell differentiation and self-renewal. It is usually present in both embryonic and adult stem cells. It is also important for the maintenance of stem cell phenotypes and pluripotent characters [4] . Moreover, Oct4 plays an important role in the maintenance of tumor cell "stemness" [5] . Studies have shown overexpression of Oct4 in several somatic cancers such as oral squamous cell carcinoma, lung cancer, breast cancer, esophageal cancer, and gastric cancer. Ectopic Oct4 expression may be related to the progression of such cancers. Oct4 was also identified to be related to tumorigenesis and malignant transformation of tumors [6] .
Tumor angiogenesis plays an important role in the proliferation, infiltration, and metastases of solid malignancies by promoting the delivery of oxygen, growth factors, and nutrients to tumor cells. Angiogenesis is regulated by specific essential factors. Vascular endothelial growth factor (VEGF) is considered one of the most important molecules promoting angiogenesis. The family of VEGF is composed of seven members: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and placental growth factor. These molecules act through tyrosine kinase receptors (VEGF receptors), expressed mainly on endothelial cells [7] .
This study aimed to investigate Oct4 expression in gastric cancer and to analyze the relation between Oct4 expression and clinicopathologic parameters, tumor proliferation, angiogenesis, and patient survival.
Methods

Study design
This study included 45 patients with non-distant metastatic pathologically proven gastric carcinoma. The study was carried out in the Pathology, Clinical Pathology, and Clinical Oncology Departments during the period between January 2015 and December 2016. Patients were followed up until December 2018.
Patient characteristics and inclusion criteria
All included patients were free of distant metastases at the beginning of the study. Patients have age between 18 and 70 years, Karnofsky performance status ≥ 70, adequate bone marrow reserve (hemoglobin ≥ 10 g/dL, white blood cell count ≥ 3.5 × 10 9 /L, and platelets ≥ 100 × 10 9 /L), and good renal function (creatinine clearance ≥ 60 mL/min).
Patients were excluded from this study if they had metastases, altered mental status, dementia, or any psychiatric condition that affects understanding and impedes informed consent. Also, we excluded patients who had secondary malignancy or non-malignant systemic disease that precluded them from receiving chemotherapy (e.g., uncontrolled active infection, persistent immune-compromised states, congestive heart failure, any clinically significant cardiac arrhythmia). Patients who were pregnant and with clinically significant pleural effusions or ascites were also excluded from this study.
The protocol was approved by the Institutional Ethics Committee, and before the initiation of any treatment, all patients signed an informed consent.
Treatment protocol and follow-up
All patients had undergone surgery with lymph node dissection and received more than four cycles of adjuvant chemotherapy. The regimen of chemotherapy was fluorouracil and/or cisplatin/oxaliplatin which consisted of 2000 mg/m 2 (days 1 and 2) fluorouracil IV continuous infusion over 48 h and 50 mg/m 2 (IV day 1) cisplatin, and this cycle was repeated every 14 days or oxaliplatin 85 mg/m 2 (IV day 1), leucovorin 400 mg/m 2 (IV day 1), fluorouracil 400 mg/m 2 (IV push day 1), and fluorouracil 1200 mg/m 2 (IV day 1, 2) continuous infusion over 24 h cycled every 14 days. Supportive care as growth factors, blood transfusions, and administration of antiemetics and analgesics were included, while prophylactic use of growth factors was not recommended.
The follow-up program consisted of physical examination and regular abdominal CT scan every 3-6 months for the first 2 years after operation. TNM stages were classified according to the American Joint Committee on Cancer (AJCC) [8] .
Tissue samples
From each participant in this study, gastric tissue specimens obtained by the surgical excision were sent to the Pathology Department for histopathological evaluation and immunohistochemical (IHC) staining. Samples from tumor center and adjacent non-cancerous tissue (at least 5 cm from the tumor) were then stored frozen at − 80°C till genetically investigated [9] .
Histopathologic evaluation
Gastric carcinoma specimens were fixed in 10% neutral buffered formalin then paraffin blocks were prepared. Examination of hematoxylin and eosin (H&E)-stained sections was carried out to confirm the diagnosis of GC. Cases were histologically classified and graded according to the World Health Organization (WHO) [10] .
Immunohistochemical staining
Sections from GC tissue, on positively charged slides, were dried for 30 min at 37°C. Deparaffinization and antigen retrieval were performed in a Dako PT Link unit. Both high and low pH EnVisionTM FLEX Target Retrieval Solutions were used reaching 97°C for 20 min. Dako Autostainer Link 48 automated slide stainer was used for immunostaining. We used Oct4 mouse monoclonal antibody (clone MRQ-10, 1:30 dilution, Cell Marque, Rocklin, CA, USA), Ki-67 mouse monoclonal antibody (clone MIB-1, 1:100 dilution, Dako, Glostrup, Denmark), and VEGF mouse monoclonal antibody (M7273, 1:50 dilution, Dako, Glostrup, Denmark). Shortly, the slides were incubated with primary antibodies for 20-30 min following treatment with peroxidase-blocking reagent for 5 min then incubation with horseradish peroxidase (HRP) polymer reagent for 20 min and diaminobenzidine (DAB) chromogen/ substrate working solution for 10 min. Hematoxylin was applied for counterstaining.
Evaluation of immunohistochemical staining
Oct4 expression was detected as a nuclear staining in gastric carcinoma cells. Oct4 was scored by multiplying the percentage of positive tumor cells and the staining intensity [11] . As regards Oct4 percentage, no positive tumor cells were graded 0; < 10% positive tumor cells, 1; 10-50% positive tumor cells, 2; and > 50% positive tumor cells, 3. Staining intensity was scored as follows: 0, no staining; 1, weak staining; 2, modest staining; and 3, strong staining. The final scores obtained were 0, 1, 2, 3, 4, 6, and 9. Tumors with scores ≤ 4 were considered low expression while scores ≥ 6 were regarded as high expression.
Positive Ki-67 expression was defined as brownish staining in the nuclei of 10% or more of tumor cells [12] . Cytoplasmic VEGF staining was regarded as positive when the percentage of stained tumor cell was 10 or more [13] .
Quantitative reverse transcription PCR RNA extraction
The RNA was extracted from each stored frozen gastric tissue using RNA extraction kit (RNeasy mini kit, Qiagen, Hilden, Germany, Catalog no 74104) according to the manufacturer's protocol. RNA yields were assayed quantitatively by measuring the absorbance at 260 nm on Jenway UV/Visible Spectrophotometer 6305, Staffordshire, UK.
Reverse transcription
The RNA yields were subjected to reverse transcription into cDNA using QuantiTect® Reverse Transcription (Qiagen, Hilden, Germany, Catalog no 205311), where the entire genomic DNA elimination reaction (14 μL) containing 500 ng of the template RNA mixed with 1 μL of Quantiscript Reverse Transcriptase, 4 μL of Quantiscript RT Buffer 5×, and 1 μL of RT primer mix, and incubated for 15 min at 42°C then inactivated for 3 min at 95°C according to the manufacturer's instructions.
Relative quantitation Oct4 mRNA expression
RT-PCR amplifications with relative quantitation of Oct4 mRNA expression were performed using Taq-Man gene expression assay kit (Thermo Scientific, Waltham, MA, USA). In a 20-μL total volume, mixture of 10.0 μL of 2× TaqMan® Universal PCR Master Mix II and 1.0 μL of 20× gene expression assay mix containing Oct4 primers (forward primer: 5-AGCAAA ACCCGGAGGAGT-3; reverse primer: 5-CCACAT CGGCCTGTGTATATC-3), with FAM-labeled probe (5-FAM-TGCAGGCCCGAAAGAGAAAGCG-3) and 5 μL of cDNA template (equivalent to 25 ng RNA), together with endogenous control (GAPDH) assay was used for each sample (forward primer: 5-ACCACAGTCCATGCCATCCAC-3; reverse primer: 5-TCCACCACCCTGTTGCTGTA-3). The plate was Table 1 summarizes the clinicopathologic data of the studied cases.
Relation between Oct4 immunohistochemical expression and clinicopathologic parameters
Among the 45 cases studied, Oct4 was highly represented in 28 cases (62.22%) while low expression was detected in the remaining 17 cases (37.78%). High Oct4 expression was significantly related to high tumor grade and stage III tumors. Most of grade III tumors [19 out of 24 (79.2%)] showed high Oct4 expression (p = 0.003). Sixteen out of 21 cases (76.2%) of stage III showed also high Oct4 expression (p = 0.031). Nodal metastasis was significantly associated with high Oct4 expression (p = 0.008). On the other hand, no significant associations were detected between Oct4 expression and age, gender, tumor location, size, gross appearance, and histologic types ( Table 2 , Fig. 1 ).
Evaluation of Oct4 mRNA relative expression
Oct4 relative mRNA expression levels were found in all gastric cancerous and adjacent non-cancerous tissues of the entire included patients. In addition, statistically significant differences (p < 0.001) were detected in Oct4 mRNA relative expression levels in gastric cancerous tissue (median 3.6, range 0.9-10.1) compared with the adjacent non-cancerous tissues (median 1.2, range 0.2-3.9) as shown in Fig. 2 . Higher Oct4 mRNA relative expression levels were significantly associated with grade III tumors (median 4.1, range 1.5-10.1), positive nodal metastasis (median 4.1, range 1.3-10.1), and stage III tumors (median 4.6, range 1.5-10.1) [p = 0.016, 0.014, and 0.023, respectively], as illustrated in Fig. 3 .
Relation between Oct4 expression and cell proliferation and angiogenesis
As regards Oct4 IHC expression, high expression of Oct4 was significantly associated with positive Ki-67 nuclear staining in tumor specimens (p < 0.001). Twenty-two cases out of 26 representing 84.6% of Ki-67 positive tumors were associated with high Oct4 expression ( Table 3 , Fig. 4 ). A significant relation was also found between Oct4 expression and VEGF positivity (p = 0.021). Twenty-three out of 31 cases positive to VEGF showed high Oct4 expression ( Table 3 , Fig. 5) .
A statistical significance difference in Oct4 mRNA relative expression levels was identified when comparing VEGF positive and negative tumors (p = 0.027), whereas no significant difference in Oct4 mRNA relative expression levels was detected among Ki-6 positive and negative tumors (p = 0.067).
Relation between Oct4 mRNA relative expression and Oct4 immunohistochemical expression
Expression of Oct4 detected by mRNA relative quantitation and IHC was significantly related (p < 0.001). Oct4 mRNA relative expression levels (median 4.7, range 2.1-10.1) were significantly higher in tumors with high Oct4 immunohistochemical expression as shown in Fig. 6 .
Relation between Oct4 expression and patient survival
The overall survival rate for those with high Oct4 expression was significantly lower than that in patients with low Oct4 expression. The 1-and 2-year survival rates were 100% and 88%, respectively, in the lowexpression group, but only 85% and 57%, respectively, in the high-expression group (p value = 0.029, Fig. 7a ). As regards disease-free survival, there was a significant difference between patients with high Oct4 expression and those with low expression (1-and 2-year DFS were 82.4% and 64.2% in the low-expression group versus 50% and 32.1% in the high-expression group (p value = 0.031, Fig. 7b ). 
Discussion
Gastric carcinoma (GC) remains the third leading cause of cancer mortality worldwide. Patients with GC frequently develop cancer relapse and metastasis and are resistant to treatment. Therefore, it is of remarkable significance to investigate the mechanisms responsible for the poor prognosis in gastric cancer.
Over the past few years, growing evidences suggest that cancer stem cells (CSCs) have valuable roles in tumor aggressiveness, metastasis, chemotherapy resistance, and relapse [4] . Oct4 is an important transcriptional factor implicated in maintaining the pluripotency and selfrenewal in CSCs; abnormal expression of Oct4 might contribute to carcinogenesis in different cancers [15] . To further investigate the relation between Oct4 expression and prognosis in gastric cancer, this study examined the association between Oct4 expression in GC and clinicopathologic parameters and patients' survival. Also, relations between Oct4 expression and tumor proliferation and angiogenesis in GC were analyzed.
In the present study, we used qRT-PCR to investigate the Oct4 expression levels in tumoral and non-tumoral tissues. It was observed that the Oct4 expression level was highly elevated in GC tissues compared to the adjacent non-tumoral tissues. This agreed with Jiang et al. and Basati et al. [16, 17] . Moreover, Al-Marzoqee et al. found that Oct4 expression showed a significant increase from inflammation to dysplastic stage, and then malignant transformation, and thus concluded that Oct4 is implicated in the initial steps of gastric carcinogenesis [6] .
Endogenous Oct4 knocking down or ectopic Oct4 overexpression are crucial in controlling the role that Oct4 plays in tumor initiation and propagation [18] . In a study by Beltran et al., they generated cell lines from Oct4 overexpression into normal breast cells. These cell lines were able to produce high-grade breast carcinoma in nude mice [19] .
As regards Oct4 immunohistochemical expression in GC tissues, in this study, Oct4 was expressed as Oct4 was predominantly cytoplasmic, with some nuclear localization [16] . In a study by Kong et al., Oct4 was detected in both the cytoplasm and the nucleus in 37.3% of the cases [5] .
This wide variation in Oct4 expression may be due to the different antibodies used and different scoring system applied [15] . The variability in the Oct4 staining pattern may be due to the presence of isoforms for Oct4 generated by alternative splicing that displays different subcellular localization patterns [21] .
The association between Oct4 expression in GC and clinicopathologic parameters remains controversial. The current work demonstrated that high Oct4 expression was significantly associated with high tumor grade, advanced stage, and nodal metastasis. Moreover, high Oct4 expression is significantly associated with poor overall survival (OS) than low Oct4 expression. Studies investigating the Oct4 expression in GC revealed similar results [3, 17, 20] .
Similarly, Wang et al. and Rasti et al. reported an association between high Oct4 expression and poor prognosis and metastasis in hepatocellular and renal cell carcinomas, respectively [22, 23] . On the other hand, Matsuoka et al. suggested that Oct4 might repress the tumorigenic potential of GC cells. They reported that low Oct4 immunostaining significantly relates to invasive tumor, nodal metastasis, lymphatic invasion, and worse OS [24] .
On analyzing the relation between the degree of Oct4 immunostaining and Ki67 expression. The present study reported a significant association between Oct4 immunostaining and Ki67 expression. Hu et al. reported that low Oct4 expression inhibits cell proliferation by promoting apoptosis in CSCs of lung cancer in vitro [25] . Also, Tsai et al. investigated the Oct4 expression in oral squamous cell carcinoma; they demonstrated that high oct4 expression is associated with increased tumor proliferation and enhanced invasive potential of cancer cells [26] . High expression of Oct4 could enhance tumorigenesis and metastasis by inducing cell proliferation, promoting tumor invasion, and inhibiting apoptosis through activating different genes and pathways [4] . Angiogenesis is necessary for maintaining tumor growth and metastasis. Little is known about the role of Oc4 in tumor angiogenesis. In this work, a significant relation was detected between Oct4 expression in GC and VEGF. Li et al. studied Oct4 expression in esophageal carcinoma; they found that Oct4 could activate epithelial-mesenchymal transition by means of increasing VEGF-C expression. This could enhance the invasive and metastatic potential of tumors [27] . In cervical carcinoma, Li et al. specified that isoform Oct4B could promote angiogenesis through the upregulation of CD34 and VEGF [21] . On the contrary, Chen et al. found no association between Oct4 expression and VEGF or microvessel density in non-small cell lung cancer [28] .
An increasing number of studies have identified the essential role that hypoxia plays in regulating stem cell properties and functions including proliferative potential and differentiation. Covello et al. described that the expression of hypoxia-inducible factors (HIFs) is associated with overexpression of both Oct4 and VEGF [29] . Another study by Zhang et al. demonstrated that under hypoxic condition, the coexpression of Oct4 and HIF-2α develops and they act jointly to upregulate angiogenic factors including VEGF and promote angiogenesis [30] .
Taken together, high Oct4 expression seems to be associated with tumor angiogenesis. But the exact mechanisms that regulate its association with VEGF need to be clarified in further studies. 
Conclusion
Oct4 plays a valuable role in the progression and prognosis of gastric carcinoma. High Oct4 expression is associated with high tumor grade, nodal metastasis, and stage III tumors. High Oct4 expression is significantly related to poor OS and DFS. High Oct4 is also significantly associated with Ki-67 and VGEF expression, thus enhancing tumor proliferation and angiogenesis. 
